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ABSTRACT

Force tests of the static and dynamic latersl stability character-

istics of a VTOL airplane having a triangular wing mounted high on the

fuselage with a triangular vertical tail on top of the wing and no hori-
zontal tail have been made in the Langley free-flight tunnel. The static

lateral stability parameters and the rolling, yawing, and sideslipping

dynamic stability derivatives are presented without analysis.
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SUMMARY

An investigation has been made in the Langley free-flight tunnel

to determine the low-speed static lateral stability characteristics and

the rolling, yawing, and sideslipping dynamic stability derivatives of

a i/5-scale model of a Jet-powered vertical-attitude VTOL research air-

plane. The results of this investigation are presented herein without

analysis.

INTRODUCTION

An investigation has been made to determine the low-speed static

lateral stability characteristics and the rolling, yawing, and side-

slipping dynamic stability derivatives of a i/5-scale model of a Jet-

powered vertical-attitude VTOL research airplane. The model used in

this investigation was the flying model used previously in the flight-

test investigation discussed in reference i. The airplane has a modified

triangular wing with a modified triangular vertical tail mounted on top

of the wing and has no horizontal tail. A small vertical tail was also

mounted on each wing tip to help improve the directional stability at low

angles of attack. Take-offs and landings with the airplane in a vertical
attitude are made from a horizontal wire with a special hook-on attach-

ment on the nose of the airplane. For convenience, however, the airplane

also had a tricycle landing gear to permit conventional take-offs from

and landings on the ground so that the initial transitions could be per-

formed at a safe altitude.

Title, Unclassified.
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The investigation included rolling, yawing, and sideslipping oscilla-

tion tests over an angle-of-attack range from 0° to 90o with 0° deflection

of all controls. The reduced-frequency parameter was varied from 0.05

to 0.23 in the rolling, yawing, and sideslipping oscillation tests.

DEFINITIONS OF TERMS AND SYMBOLS

All velocities, forces, and moments, with the exception of lift and

drag, were measured with respect to the body-axis system originating at

the reference center-of-gravity position located at 30.4 percent mean

aerodynamic chord. Lift and drag were measured with respect to the wind-

axis system. (See fig. i.) The term "in-phase derivative" used herein

refers to any one of the stability derivatives which are based on the

forces or moments in phase with the angle of roll, yaw, or sideslip pro-

duced in the oscillatory tests. The term "out-of-phase derivative"

refers to any one of the stability derivatives which are based on the

forces or moments 90 ° out of phase with the angle of roll, yaw, or side-

slip. The derivatives measured in the investigation are summarized in

table I. All measurements are reduced to standard coefficient form and

are presented in terms of the following symbols:

X,Y,Z body reference axes

wing area, sq ft

b wing span, ft

C mean aerodynamic chord, ft

V free-stream velocity, ft/sec

q free-stream dynamic pressure, lb/sq ft

= 2_f, radians/sec

f frequency of oscillation, cps

k reduced-frequency parameter, ago/RV

c_ angle of attack, deg

angle of sideslip, deg or radians

r yawing velocity, radians/sec

P rolling velocity, radians/sec
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time, sec

dt

dt

• dp

dt

F L

F D

Fy

My

MX

M Z

lift, ib

drag, ib

side force, ib

pitching moment, ft-lb

rolling moment, ft-lb

yawing moment, ft-lb

_y
Cm pitching-moment coefficient,

qS_

Mx

C _ rolling-moment coefficient, qSb

MZ

Cn yawing-moment coefficient,
qSb

_C_

C_6 = _- per radian

_C n

Cn_ = _- per radian



per radian

CL lift coefficient,
F_
qS

CD drag coefficient,
FD

qS

Cy side-force coefficient,
Fy

qS

angle of roll, radians

angle of yaw, radians

_C z

CZr =

2V

_)C n

Cnr -

2V

CYr -

2V

3Cn

Cnp -
2V

_Cy

Cyp - _-
2V

_C z

CZ_ = --

2V

Cn_ = -_
2V

3Cy

2V

_)Cz

4V2

_Cn

c_ -

4V2

_Cy

Cy_ -

4V2

3C_

c_ -

4V 2

_n

c_ -

4V2

_Cy

Cx9

4V2
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APPARATUS AND MODEL

Conventional static force tests were conducted in the Langley free-

flight tunnel with the model sting mounted, and the forces and moments

were measured about the body axes by means of a three-component internal

strain-gage balance. The rotary and linear oscillation tests were also

conducted in the Langley free-flight tunnel. Detailed descriptions of

the apparatus and methods used in deriving the data are given in refer-

ence 2. A three-view drawing of the model is shown in figure 2, and the

dimensional characteristics are given in table II. For all the tests

the engine air inlets and exit were open to permit air flow through the

model.

TESTS

The static force tests were made over an angle-of-attack range from

0 ° to 80 ° for angles of sideslip between ±20 ° with all controls at 0°

deflection. The oscillation tests were made over an angle-of-attack

range from 0° to 90 ° with all controls at 0° deflection. The reduced-

frequency parameter k was varied from 0.05 to 0.23. An oscillation

amplitude of ±lO ° was used in all the rolling and yawing tests, whereas

the amplitude in the sideslipping tests was ±0.417 foot or ±0.62 °

to ±2.85 ° .

The static and the oscillatory tests were made at a dynamic pressure

of 4.11 pounds per square foot, which corresponds to an airspeed of about

60 feet per second at standard sea-level conditions and to a test Reynolds

number of 928,000 based on the mean aerodynamic chord of 2.425 feet.

PRESENTATION OF RESULTS

The results of this investigation are presented herein without dis-

cussion. The lift, drag, and pitchlng-moment characteristics of the model

with zero deflection of all controls are presented in figure 3 in order

that the reader may interpret the lateral stability data of the subsequent

figures in terms of lift coefficient and airspeed if he so desires. The

static lateral stability characteristics of the model are presented in

figures 4 and 5. The variations of the rolling and yawing oscillation
derivatives with the reduced-frequency parameter are shown in figures 6

and 7, respectively, for each of the angles of attack tested. The out-

of-phase and in-phase derivatives aa-e summarized in figures 8 and 9,

respectively, in terms of the variation of the derivatives with angle of

attack for constant values of the reduced-frequency parameter. In order
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to afford a comparison between the data obtained from the in-phase oscilla-

tion tests and the static data, the data of figure 5 multiplied by the

appropriate trigonometric function (sin _ for the rolling derivatives

and cos _ for the yawing derivatives) have also been presented in

figure 9.

In order to obtain the most reliable results in lateral stability

calculations, derivatives such as Cnr and Cn_ should be used inde-

pendently in the equations rather than in the combination form

Cn r - Cn_ cos m. Since _ derivatives were measured in this investiga-

tion, it is possible to break up the combination derivatives into their

component parts. The values of Cnp , C_p, Cnr , and C_r presented in

figure l0 were therefore obtained by taking the difference between the
derivatives and the combination derivatives presented in figure 8.
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TABLEI

DERIVATIVESMEASUREDIN OSCILLATORYTESTS

Derivatives Rolling Yawing Sideslipping

In-phase

Out-of-phase

CZ_ sin _ - k2Cz_

Cn_ sin _ - k2Cn_

Cy_ sin _ - k2Cy_

CZp+ CZ_ sin

Cnp + Cn_ sin

+ sin
Cyp Cy_

Cz8 cos a + k2C_9

Cn_ cos _ + k2Cn9

Cy8 cos _ + k2Cy_

CZr - C_ cos

Cnr - Cn_ cos

CYr - Cy_ cos

cz_

Cn_

Cy_

Cn_

cy_

rO



TABLE II

GEOMETRIC CHARACTERISTICS OF MODEL

Wing (modified triangular plan form):

Sweepback, deg .......................... 60
Airfoil section .................... NACA 65A008

Aspect ratio ............. ".......... 1.97

Area, sq in ......................... 1,094.4

Span, in ........................... 46.4

Mean aerodynamic chord, in ................. 29.1

Moment arm of roll nozzles, in ................ 24.575

Incidence, deg ........................ 4

Dihedral, deg ........................ 0

Overall length of model, in ................... 56.25

Vertical tail (modified triangular plan form):

Sweepback, deg .......................... 45

Airfoil section ..................... NACA 65A012

Aspect ratio ........................ 1.76

Area, sq in ....................... 270

Span, in ........................... 22

Outboard fin:

Airfoil section

Area, each, sq in .......................

Area, total, sq iD ..................

Aspect ratio .......................

Span, in ..........................

Root chord, in .........................

Tip chord, in .........................

..................... NACA _AOll

25.4
46.8

3.57
9.14
7.02

3.o7

I

4
C



9

Py

Pro3ectlon a/oaK tunnel vertlc_Ll

_ls showlnK {B _,/

Wlnd dlrectlon_" _/__

Tunnel vertical

reference pl_ae

X

Tmmel horizontal reference plane

FD

Figure i.- Body system of axes. Arrows indicate positive directions of

moments, forces, and angles. This system of axes is defined as an

orthogonal system having the origin at the center of gravity, and

the X-axis is in the plane of sy_netry and alined with the longitu-

dinal axis of the fuselage. The Z-axis is in the plane of symmetry

and perpendicular to the X-axis, and the Y-axis is perpendicular to

the plane of symmetry.
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Figure 2.- Three-vlew sketch of the model used in the tests. All
dimensions are in inches unless otherwise indicated.
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